We have performed unbiased spectral line surveys at 3 mm band toward the Galactic circumnuclear disk (CND) and Sgr A * using the Nobeyama Radio Observatory (NRO) 45 m radio telescope. The target positions are two tangential points of the CND and the direction of Sgr A * . We have obtained three wide-band spectra which cover the frequency range from 81.3 GHz to 115.8 GHz, detecting 46 molecular lines from 30 species including 10 rare isotopomers and four hydrogen recombination lines. Each line profile consists of multiple velocity components which arise from the CND, +50 km s −1 and +20 km s −1 clouds (GMCs), and the foreground spiral arms. We define the specific velocity ranges which represent the CND and the GMCs toward each direction, and classify the detected lines into three categories: the CND-/GMC-/HBD-types, based on the line intensities integrated over the defined velocity ranges. The CND-and GMCtypes are the lines which mainly trace the CND and the GMCs, respectively. The HBD-type possesses the both characteristics of the CND-/GMC-types. We also present the lists of line intensities and other parameters, as well as intensity ratios, which must be useful to investigate the difference between nuclear environments of our Galaxy and of others.
(2011) suggested a possible connection between the CND and the GMCs. In order to investigate their physical connection, a careful search for the best probes of the CND and the GMCs must be essential. Unbiased spectral lines surveys are useful to search for the probes, and to diagnose the physical conditions and chemical composition. However, no unbiased line surveys in mm-wave range toward the CND and Sgr A * have been reported so far. Therefore, we have performed unbiased spectral line surveys at 3 mm band toward the CND and Sgr A * . This paper focuses on full presentation of obtained spectra and line parameters between characteristic velocity ranges. Detailed analyses of physical conditions and chemical composition will be presented in forthcoming papers.
Observations
The observations were carried out in February and May 2013 with the Nobeyama Radio Observatory (NRO) 45 m radio telescope. Target positions were chosen as (∆l,∆b)=(+46 ′′ ,0 ′′ ), (0 ′′ ,0 ′′ ), (−40 ′′ ,0 ′′ ), which are defined by offsets from the position of Sgr A * , (α 2000 , δ 2000 )=(17 h 45 m 40 s .0, −29 • 00 ′ 27 ′′ .9) (Reid & Brunthaler 2004) . Hereafter, we refer those target positions to NE, SGA, SW, respectively ( Figure 1 ).
For these line surveys, we used the TZ1 V/H receivers which were operated in the two-side band mode. The beamwidth and the main-beam efficiency (η MB ) are listed in Table 1 . We used the SAM45 spectrometer in the 2 GHz bandwidth (488.24 kHz resolution) mode. Using 14 arrays of SAM45, we obtained a 4 GHz instantaneous bandwidth for each sideband (LSB and USB). The system noise temperatures ranged from 120 to 360 K during the observations. The observations were made by the 3:1 on-off position switching mode. The reference positions were (l, b) = (0 • .0, +0 • .5), (0 • .0, −0 • .5), which were observed alternately. Pointing errors were corrected every 1.5 hours by observing the SiO maser emissions (43 GHz) from VX Sgr with the H40 receiver. The pointing accuracy was better than 3 ′′ (rms) in both azimuth and elevation. Calibration of the antenna temperature was accomplished by the standard chopper-wheel method.
All data were reduced using the NEWSTAR reduction package. We subtracted baselines of each 2 GHz spectrum by fitting sixth-or seventh-degree polynomials. We composed wide-band spectra covering 81.3-115.8 GHz toward the observed three positions by averaging and merging all 2 GHz spectra ( Figure 2 ). The spectral resolution of the resultant spectra was 1.0 MHz. Antenna temperatures (T * a ) were converted into main-beam temperatures (T MB ) by multiplying 1/η MB (ν). For the frequency dependence of the efficiency η MB , we adopted that η MB (ν) = −0.236× (ν obs /GHz) + 56.47 (%), which was obtained by the least-square fitting to the η MB measured at three frequencies (Table 1) . The rms noise levels of the wide-band spectra were calculated by using data in emission/absorption-free frequency ranges (Figure 3 (Christopher et al. 2005) . The star indicates the position of Sgr A * . Sizes of circles represent the half-power beam widths (HPBW) of the NRO 45 m radio telescope at 115 GHz and 86 GHz. 
Results
We show the wide-band spectra toward NE, SW, and SGA in Figure 2 . A number of spectral lines appear in these wide-band spectra. The SGA spectrum is more rippled than the other positions, presumably because the intense continuum emission from Sgr A * manifests the non-linearity of the system. We identified four hydrogen recombination lines and 46 lines from 30 molecular species including 10 rare isotopomers (Table 2 ). In addition to familiar diatomic and triatomic molecules, a few more complex molecules (e.g., HCCCN, c-C 3 H 2 , CH 3 OH, 13 CH 3 OH, CH 3 CHO, and CH 3 CN) were detected.
We extracted 50 line profiles for each position (Figure 4 ). Each extracted spectrum covers the LSR velocity range from −300 to +300 km s −1 . After the extraction, we again subtracted baselines from the spectra by fitting up to third-degree polynomials, although a linear function was used in most cases. Flat lines in some extracted spectra denote velocity range where adjacent lines appear. The peak velocities (V peak ), velocity dispersions (σ V ), peak temperatures (T peak ), and 1σ rms noise levels (∆T MB ) of the detected lines are listed in Tables 2, 3 . The ∆T MB values were calculated for the velocity ranges from −300 to −200 km s −1 and from +200 to +300 km s −1 . The σ V values were calculated using pixels with T MB > 3∆T MB . All the detected lines have larger velocity widths than those from typical molecular clouds in the Galactic disk. Because of their large velocity widths, some lines are blended and/or unresolved. The lines of common interstellar molecules (e.g., CO, CS, HCN, and HCO + ) are intense (T peak 1 K) and have very large velocity widths at every position. In particular, CO J=1-0 line exceeds 35 K and shows a number of velocity components. About a half of the lines from SGA show absorption features due to the foreground gas in the Galactic disk.
Overall velocity structures of the line profiles vary mainly depending on the position. The profiles of the detected lines, except for the hydrogen recombination lines, contain similar velocity components in each position. Most molecular lines from NE peak at V LSR ∼+50 km s −1 , while those from SW peak at V LSR ∼+20 km s −1 . Molecular lines from SGA generally exhibit complex profiles. The hydrogen recombination lines toward SGA show very large velocity width, which may be attributed to the rapidly rotating minispiral. The biased velocities of the NE and SW recombination lines, which peak at V LSR ∼+80 and ∼ −80 km s −1 , respectively (except for H41α from SW), may suggest that rotating ionized gas is associated with the CND. 
Discussion

Decomposition of Line Profiles
All the identified lines contain multiple velocity components which originate from the +50 km s −1 and +20 km s −1 clouds, foreground/background spiral arms, and the CND. The emission from the +50 km s −1 and +20 km s −1 clouds are dominant in many molecular lines toward NE and SW. The +50 km s −1 cloud appears in the NE spectra, while the +20 km s −1 cloud appears in the SW spectra.
In order to investigate physical conditions and chemical composition of the CND, it is necessary to decompose the line profiles into their constituents. However, it is not easy to perform the decomposition by spectral fitting, since each profile has complicated shape suffering from absorption and contamination of the disk gas. Hence we define velocity ranges which represent the CND and the GMCs, and calculate integrated intensities for each range at each position (Table 4 ). Figure  5 shows the defined velocity ranges in the HCN, CS, and CH 3 OH line profiles. Since the CND is rotating at a velocity of ∼110 km s −1 , the lines which trace the CND should be prominent in velocities around ∼+110 km s −1 at NE and ∼ −110 km s −1 at SW. This is well illustrated in the HCN and HCO + profiles. The +50 km s −1 and +20 km s −1 clouds should be prominent in velocities around +50 km s −1 at NE, and around +20 km s −1 at SW, respectively. These components are apparent in several optically thin lines such as the N 2 H + , CH 3 OH and HCCCN lines.
Line Intensities
We list the velocity-integrated line intensities (Table 5-7) calculated for the velocity ranges listed in Table 4 . Figure 6 shows a correlation plot between the integrated intensities at NE and SW for the CND velocity range (I NE CND and I SW CND , respectively). The good correlation may support our choice of the velocity ranges which represent the same entity, the CND. We hence define that I CND ≡ I NE CND + I SW CND . Figure 7 shows a correlation plot between the integrated intensities at NE and SW for the GMC velocity range (I NE GMC and I SW GMC , respectively). The line intensities from the GMCs in NE are generally more intense than those in SW. In other words, the +50 km s −1 cloud is brighter than +20 km s −1 cloud in most of the detected lines. This plot also shows a tight correlation, although I NE GMC is generally larger than I SW GMC . This fact indicates that the +50 km s −1 and +20 km s −1 clouds have roughly similar chemical composition and physical conditions. Thus, we also define that I GMC ≡ I NE GMC + I SW GMC . We list I CND and I GMC in Table 8 , which values are most likely to represent the typical intensities from the CND and the GMCs. Figure 8 shows a plot of I NE CND /I NE GMC versus I SW CND /I SW GMC for each lines. The lines in the upper right in the plot are enhanced toward the CND. In order to search for prominent probes for the CND, we define the CND parameter:
Line Classification
We classify the identified lines into three categories according to ξ CND ; and HN 13 C/H 13 CN ratios show the same trends.
The HCN/HCO + ratio exceeds unity (>1) in AGN, while the ratio is below unity (<1) in starburst galaxies (e.g. Kohno et al. 2004 ). X-ray photons from AGN dissociate and ionize molecular gas, increasing the abundances of ions, radicals, and several molecular species. These regions are called as XDRs (Lepp & Dalgarno 1996; Maloney et al. 1996; Meijerink & Spaans 2005; Meijerink et al. 2007 ). In our data, the HCN/HCO + ratios are 1.74 ± 0.01 and 1.62 ± 0.01 in the GMCs and the CND, respectively. They are comparable to each other, and significantly exceed unity. Christopher et al. 2005 measured that the ratio in the CND was typically ∼ 2.5 with interferometric observations. The ratios in the l = 1.3 • complex and the Sgr B1 complex are ∼2.3 and ∼1.5, respectively (Tanaka et al. 2007 (Tanaka et al. , 2009 ). Such high HCN/HCO + ratio is found over the whole of the central molecular zone (CMZ; e.g., Jones et al. 2012) .
The SiO abundance is thought to be enhanced in shocked regions, and its intensity ratios to H 13 CN and H 13 CO + are often used as shock-probes. The SiO abundance in the CND seems not to be particularly enhanced, although the SiO line was categorized into the CND-type. The SiO/H 13 CO + ratios in the GMCs and the CND are 1.84 ± 0.06 and 1.66 ± 0.07, respectively. These values are typical for the Sgr A molecular cloud complex (e.g., Tsuboi et al. 2011 ).
Spectra from Sgr A *
Suffering from severe absorption features against the intense continuum radiation from Sgr A * , decomposition of line profiles toward SGA is highly difficult. Based on the past literatures (e.g., Güsten et al. 1987; Kaifu et al. 1987; Oka et al. 2011) , we define V LSR =+70 to +100 km s −1 as the CND range, and V LSR =+20 to +50 km s −1 as the GMC range ( Figure 5 ). We calculated the velocity-integrated intensities of SGA (I SGA tot , I SGA GMC , and I SGA CND ), using data with T MB > 0 K in order to minimize the effect of the absorption by the foreground. These intensities are listed in Table 6 . Figure 9 shows a correlation plot of the GMC contribution (I SGA GMC /I SGA tot ) versus the CND contribution (I SGA CND /I SGA tot ). The GMC-types prefer the top left of the plot, while the CNDtypes roughly prefer the bottom right. The HBD-types are distributed between the CND-types and GMC-types. This may support the validity of our line classification and that of our definition of velocity ranges on the SGA spectra.
Summary
We performed unbiased spectral line surveys at 3 mm band toward the Galactic CND and Sgr A * using the NRO 45 m radio telescope. The target positions were two tangential points of the CND and the direction of Sgr A * (NE, SW, and SGA). With these surveys, we obtained three wide-band spectra which cover the frequency range from 81.3 GHz to 115.8 GHz, detecting 46 molecular lines from 30 species including 10 rare isotopomers and four hydrogen recombination lines. The detected lines consist of multiple velocity components which arise from the CND, GMCs (+50 km s −1 and +20 km s −1 clouds), and the foreground spiral arms. Many of the line profiles toward SGA severely suffer from absorption features.
We defined the specific velocity ranges which represent the CND and the GMCs toward each direction. Based on the line intensities integrated over the defined velocity ranges, we classified the detected lines into three categories: the CND-/HBD-/GMC-types. The rotational lines of HCN, H 13 CN, HCO + , H 13 CO + , SiO, CN, and 13 CN, and hydrogen recombination lines belong to the CND-type. The detected lines include many diagnostic probes, i.e., opacity, density, temperature, XDR, and shock. We presented the lists of the line intensities and intensity ratios, which must be useful to investigate the difference between nuclear environments of our Galaxy and of others. Deep mapping observations in the CND-type lines with a single dish would reveal the accurate distribution and kinematics of molecular gas in the vicinity of our Galactic nucleus. We have already conducted such mapping observations with the NRO 45 m telescope. These results and detailed analyses will be presented in forthcoming papers.
